


































	 Fishes	 are	 considered	 as	 one	 of	 the	 healthiest	 foods	 because	 of	 omega‐3,	 protein	 and	
vitamins	 that	 they	 contain.	 However,	 food	 poisoning	 from	 fish	 is	 seen	 commonly.	 Inadequate	
storage	 conditions	 are	 the	 main	 reason	 and	 bacteria	 growth	 that	 cause	 illness	 differs	 from	
species	 to	 species.	 The	 aim	of	 this	 research	 is	 to	 observe,	 compare	 and	 contrast	 the	 bacterial	




Engraulis	 encrasicolus	 kept	 in	 refrigerator	 for	 four	 days	 at	 4°C,	 indicated	 by	 counting	 the	
number	of	colonies	reproduced	on	eosin	methylene‐blue	lactose	sucrose	agar	plate	in	24	hours	










Merlangius	 merlangus	 is	 the	 best	 one	 for	 storage	 at	 4°C.	 The	 conclusion	 is	 that	 bacteria	
reproduces	on	each	four	species	of	fishes	and	not	edible	after	such	duration.	Anova	calculation	

































	 Foodborne	 illness	(foodborne	disease	and	colloquially	referred	to	as	 food	poisoning)	 is	
any	 illness	 resulting	 from	 the	 spoiled	 food	 which	 is	 contaminated	 by	 pathogenic	 bacteria,	
viruses,	or	parasites,	and	it	may	also	result	due	to	chemical	or	natural	toxins	such	as	poisonous	
mushrooms.(1)	
	 Fish	 is	considered	to	be	one	of	 the	healthiest	 foods	and	suggested	by	the	experts	to	be	
consumed	at	least	two	times	a	week.	It	is	an	important	source	of	protein,	fat‐soluble	vitamins	(A,	
D,	E	and	K)	and	the	omega‐3	fatty	acids.	
	 Fishes	 may	 cause	 food	 poisoning	 if	 not	 properly	 prepared	 or	 stored.	 Sometimes,	
biotoxins	caused	by	poor	storage	conditions	may	result	in	food	poisoning.	Fish	can	be	spoiled	in	
a	short	time	period	by	virtue	of	the	microorganisms	that	produce	on	it	such	as	bacteria.	Fishes	
are	 living	 organisms	 before	 being	 hunted	 and	 then	 interact	 with	 air,	 human	 beings	 or	 some	

























moisture,	and	nutrient	 for	bacteria	 to	grow.	S.	aurata	 is	wide	but	D.	 labrax	 is	plenty	 in	 length,	
surface	 area	 is	 nearly	 the	 same.	However,	 the	 spiny	 dorsal	 fins	 of	 the	 S.	aurata	and	 the	 gaps	
between	them	enlarge	the	surface	area	not	significantly	but	a	little.	E.	encrasicolus	is	in	between	
not	smooth	as	M.	merlangus	and	not	rough	as	the	others.	
I	 have	 been	 through	 food	 poisoning	 caused	 by	 fish	 about	 a	 year	 ago	when	my	 family	
decided	to	eat	out.	My	choice	was	different	from	them	because	of	my	habits.	I	chose	to	eat	red	
mullet	 which	 made	 me	 ill.	 That	 incident	 made	 me	 think	 and	 wonder	 if	 the	 bacterial	 growth	
depends	on	or	is	affected	by	the	fish	type.	My	wonder	is	how	I	decided	on	my	topic.	
	 The	aim	of	this	experiment	is	to	compare	the	reproduction	of	bacteria	on	four	different	
fish	 species	which	 are	 kept	 in	 refrigerator	 at	 the	 end	 of	 a	 four	 day	 period.	 I	 have	 decided	 to	
investigate	 on	 these	 types	 of	 fishes	 since	 they	 are	 the	 most	 commonly	 consumed	 types	 in	
Turkey,	 and	 they	 were	 easy	 to	 find	 freshly	 because	 of	 the	 season.	 The	 fishes	 are	 bought	 as	
freshly	as	possible	 from	the	 fish	market	and	kept	 in	stretch	wrapped	plates	 in	refrigerator	 for	
four	days	at	4	°C.	Research	question	of	this	study	is:	
	 “How	 bacteria	 reproduction	 differs	 on	 the	 surface	 of	 different	 types	 of	 fishes;	 Sparus	
aurata,	Dicentrarchus	 labrax,	Merlangius	merlangus,	Engraulis	encrasicolus	 kept	 in	 refrigerator	
for	 four	 days	 at	 4°C,	 indicated	 by	 counting	 the	 number	 of	 colonies	 reproduced	 on	 eosin	
































Disease	 Control	 and	 Prevention	 (CDC),	 raw	 foods	 of	 animal	 origin	 are	 the	 most	 likely	 to	 be	
contaminated.”(4)		
	 The	 bacterial	 growth	 can	 be	 affected	 by	 various	 factors	 as	 temperature,	moisture,	 pH.	
Most	 importantly,	 type	 of	 fish	 may	 affect	 the	 growth	 of	 bacteria.	 Skin	 texture	 which	 creates	
room,	 nutrients	 and	warmth	 for	 bacterial	 growth	 differs	 from	 fish	 to	 fish.	 Rougher	 skins	 are	
more	likely	to	have	more	gaps	which	give	bacteria	an	optimal	growth	medium.	Bacterial	growth	
is	expected	in	all	of	the	fish	species.		

























	 Throughout	determining	my	research	question,	 I	went	 through	some	phases.	The	most	
important	 two	phases	were	deciding	 on	 the	 topic	 and	 the	method	 to	 investigate	my	 research	
question.	
	 When	we	were	 told	 about	 the	 extended	essays	we	 should	write	 as	 an	 IB	 assignment	 I	
wanted	a	subject	and	a	topic	which	I	would	enjoy	writing	and	investigating	instead	of	choosing	





my	mother	 has	 a	 colleague	who	 is	 a	medical	microbiology	 specialist	working	on	my	mother's	
working	place's	hospital,	he	has	access	to	microbiology	lab.	It	eased	to	manage	my	experiment.	
	 The	challenging	part	was	deciding	on	which	daily‐life	situation	to	engage	with	bacteria.	I	
thought	 that	 my	 investigation	 could	 include	 food	 because	 bacteria	 on	 food	 may	 cause	 food	
poisoning	
	 Then	 it	occurred	 to	me	 that	 food	poisoning	 from	 fish	 is	 almost	 the	most	 common	one,	
and	 I	 have	 experienced	 it	 about	 a	 year	 ago	 from	 eating	 red	 mullet	 at	 a	 restaurant.	 Also,	 we	







starting	 and	 not	 all	 of	 the	 fishes	 were	 available	 freshly	 at	 the	 fish	 market.	 I	 decided	 on	 E.	
encrasicolus,	M.	merlangus,	D.	labrax,	and	S.	aurata.	
	 I	 decided	 to	 not	 to	 limit	 the	 experiment	 with	 one	 species	 of	 bacteria	 and	 instead	
observed	 the	 total	 bacteria	 growth.	 Focusing	 on	 only	 one	 species	 would	 not	 give	 me	 an	
expanded	view.	Beside	the	effort	 it	needed,	 it	was	needless.	Next	part	was	choosing	a	bacteria	






	 	I	 chose	 the	 viable	 cell	 (colony)	 counting	 due	 to	 its	 relevance	 to	my	 investigation	 and	
accuracy.	Number	of	living	colonies	were	my	interest,	thus	I	chose	to	count	the	bacterial	growth	
one	by	one	and	eliminated	 the	other	methods	 in	which	viable	cell	detection	 is	hard.	 I	decided	




same	 time	 from	 the	 same	 fish	 market,	 five	 of	 each	 four	 species.	 	 Because	 if	 there	 were	 a	
difference	 between	 freshness	 of	 the	 fishes,	 if	 some	 of	 their	 storage	 durations	 at	 the	 market	
differed,	bacteria	would	have	been	grown	before	bought.	Thus	time	period	wouldn't	be	the	same	
and	 controlled.	 As	 far	 as	 my	 conversation	 with	 the	 manager	 of	 the	 fish	 market,	 fishes	 were	
caught	 at	 the	 same	 day	 and	 the	 transportation	was	 done	 in	 about	 24‐28	 hours	 at	 0°C.	While	
transportation	from	the	fish	market	to	home,	fishes	were	put	in	different	paper‐bags	according	
to	their	species,	and	I	used	cooling	bags	they	sell	at	the	gross	market's	cool	sections.	
	 When	reached	home,	 I	put	 sterile	gloves	on	my	hand	 to	prevent	any	 transfer	 from	my	
hand	to	the	fishes.	The	fishes	were	taken	out	the	paper‐bags	and	put	 into	the	sterilized	plates,	












movements	 from	up	 to	down.	These	 zig‐zag	 incubations	were	 repeated	during	 rotation	of	 the	
plate	90°.	
	 Incubation	was	done	at	37°C	which	is	the	most	suitable	temperature	for	bacteria	growth.	
The	 cultures	 were	 kept	 24	 hours	 in	 the	 incubator	 to	 reproduce	 enough	 bacteria	 on	 to	 form	






by	 one	 with	 carefulness	 to	 not	 to	 miss	 one,	 with	 marking	 the	 each	 colony	 counted	 with	 an	
acetate	pen,	thus	not	a	single	colony	would	be	counted	again.		

































































































































































































Table	 1.2:	 This	 table	 shows	 the	 calculated	 statistical	 values;	 mean,	 standard	 deviation,	 and	




















Source of Variation  SS  df  MS  F  P‐value  F crit 
Between Groups  62686,8  3  20895,6  2222,93617 3,59197E‐21  3,238871517
Within Groups  150,4  16  9,4          
























Graph	 1:	 This	 graph	 shows	 the	 mean	 numbers	 of	 reproduced	 bacterial	 colonies	 on	 different	












































	 Fishes	 are	 recommended	 as	 one	 of	 the	 healthiest	 foods	 by	 scientists	 regarding	 to	
richness	 of	 omega‐3,	 fat	 soluble	 vitamins	 and	 protein.	 Foodborne	 illness,	 as	 known	 as	 food	
poisoning,	 is	mostly	 caused	by	 infections	 origin	 from	bacteria.	 Food	poisoning	 can	 be	 serious	
and	poisoning	 from	 fishes	 is	 very	 common.	 Expired	 fishes	 and	poor	 storage	 conditions	 of	 the	
fishes	are	the	main	reason	of	fish	poisoning.	
	 In	this	experiment,	 the	aim	was	to	observe,	compare	and	contrast	 the	bacterial	growth	
on	 four	 different	 fish	 species	 surface.	 Research	 question	 of	 this	 study	 is:	 “How	 bacteria	
reproduction	 differs	 on	 the	 surface	 of	 different	 types	 of	 fishes;	 Sparus	 aurata,	 Dicentrarchus	
labrax,	Merlangius	merlangus,	Engraulis	 encrasicolus	kept	 in	 refrigerator	 for	 four	days	at	4°C,	
indicated	 by	 counting	 the	 number	 of	 colonies	 reproduced	 on	 eosin	 methylene‐blue	 lactose	
sucrose	agar	plate	in	24	hours	at	37°C	under	controlled	conditions	(temperature,	light	intensity,	
moisture	 etc.)	 in	 a	 culture	 incubator?”.	 The	 hypothesis	was	 that	 the	 reproduction	 of	 bacteria	
would	 be	 the	 most	 on	 S.	 aurata	 followed	 by	 D.	 labrax,	 E.	 encrasicolus.	 The	 least	 growth	 of	
bacteria	was	expected	to	be	on	M.	merlangus.	
	 The	 experiment's	 mean	 bacteria	 colony	 reproduction	 results	 show	 that;	 50	 on	 M.	
merlangus	with	the	standard	deviation	of	2.38	and	standard	error	of	1.06,	98,4	on	D.	labrax	with	










aurata.	The	 difference	 between	 the	 data	 from	 the	 species	 could	 be	 explained	 as	 the	 bacteria	
found	a	more	appropriate	medium	to	grow	and	reproduce	on	some	than	the	others.	This	means	
that	 some	 aspects	 such	 as	 surface	 area,	 mineral	 and	 salt	 concentration,	 fat	 concentration	








	 The	 null	 hypothesis	 was	 that	 for	 α=0.05,	 the	 difference	 between	 fish	 types	 isn’t	
significant.	 The	 p	 value	 of	 ANOVA	 test	 is	 3,59197x10ିଶଵ,	 less	 than	 α,	 so	 there’s	 a	meaningful	
difference	between	types.	This	impugns	the	null	hypothesis,	and	proves	my	initial	hypothesis.	
	 There	are	some	weaknesses	of	the	experimental	design.	First	of	all,	the	fish	types	were	




of	 the	experiment.	 If	 the	experiment	was	done	whilst	 the	 fishing	season,	 there	would	be	more	
fresh	 fish	 species	 at	 the	 fish	market.	 So,	 more	 species	 would	 be	 examined	 and	 compared.	 In	
addition,	 the	 fishes	 were	 caught	 and	 brought	 to	 the	 market	 in	 the	 same	 day	 as	 told	 by	 the	
fishermen,	 but	 fishing	 with	 fishing	 rod	 if	 possible	 would	 make	 a	 more	 trustworthy	 data.	
However,	since	there's	no	sea	in	the	city	that	I	live,	it	is	impossible.	It	could	be	done	in	further	
investigations	in	the	future.	
	 Also,	 the	 rubbing	 of	 the	 spreader	 on	 the	 agar	 plates	 is	 a	 weakness.	 Even	 though,	 the	
rubbing	was	 tried	 to	 be	 done	 equally	 it	was	 not	 controlled	 and	 limited	with	 a	 number.	 If	 the	
inoculation	was	done	and	 limited	with	a	number	(i.e.	Rubbing	the	spreader	on	the	agar	plates	


















more	 constant,	 if	 the	 change,	 such	 as	 change	 in	 light	 absorption,	was	 absolutely	prevented	or	
kept	constant,	the	data	collected	would	be	more	accurate.	Therefore	the	modifications	that	can	




	 The	 research	 question:	 “How	 bacteria	 reproduction	 differs	 on	 the	 surface	 of	 different	
types	 of	 fishes;	 Sparus	 aurata,	 Dicentrarchus	 labrax,	 Merlangius	 merlangus,	 Engraulis	
encrasicolus	 kept	 in	 refrigerator	 for	 four	 days	 at	 4°C,	 indicated	 by	 counting	 the	 number	 of	
colonies	 reproduced	 on	 eosin	methylene‐blue	 lactose	 sucrose	 agar	 plate	 in	 24	 hours	 at	 37°C	
under	 controlled	 conditions	 (temperature,	 light	 intensity,	 moisture	 etc.)	 in	 a	 culture	
incubator?”was	answered	in	this	investigation.	
	 These	results	 show	that	mean	bacteria	colony	 formation	on	M.	merlangus,	D.	 labrax,	E.	






most	endurance	but	 it	doesn't	 indicate	that	 it	 is	edible	after	such	poor	storage	conditions.	The	
main	reason	I	wanted	to	 investigate	 this	topic	was	to	 increase	my	awareness	after	an	 incident	
happened	to	me,	food	poisoning.	The	fishes	should	be	stored	at	4°C	at	the	markets	and	freezers	
at	home	to	prevent	any	health	issues.	
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Appendices:	
Appendix	1:	
	
Figure	1:	a	diagram	of	zig‐zag	movements	done	on	sections	1,	2,	3,	and	4	labeled	as;	Engraulis	
encrasicolus,	Merlangius	merlangus,	Dicentrarchus	labrax,	and	Sparus	aurata		
Appendix	2:	
	
Figure	2:	a	diagram	of	2x2	square	cm	section	where	the	spreader	was	rubbed	on.	
Appendix	3:	
1. Plates	
2. Five	Gilt‐head	bream	(Sparus	aurata)	
3. Five	Moronidae	(Dicentrarchus	labrax)	
4. Five	Whiting	(Merlangius	merlangus)	
5. Five	European	anchovy	(Engraulis	encrasicolus)	
6. Stretch	wrap	
7. Refrigerator	
8. Wire	
9. Burner	
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10. Spreader	
11. Emb	petri	dishes	
12. Incubator		
13. Nose	mask	
14. Plastic	gloves	
15. Cooling	bags		
	
Appendix	4:	
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